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Coccidioides immitis generally occurs in a characteristic spherule form when
parasitizing man and animals. These spherules were first described by Posada
(1) and Wernicke (2) and are often referred to as the "parasitic," "animal," or
"spherule" form of the fungus. They vary in size from 2, to 8O,. in diameter and
as the smaller cells mature a double-contoured wall develops. Reproduction in
this phase is by endosporulation. Although several reports (4—8) have stated that
the animal form can be produced on artificial media, in general, true spherule
formation as observed in the animal has not been consistently accomplished.
When the animal form is placed on artificial media the organism rapidly converts
to the "vegetative," "saprophytic," or "mycelial" type of growth. Ophuls and
Moffit (3) first described this type of growth which is characterized by the de-
velopment of hyphal elements and simple intercalary spores which under favor-
able conditions develop as the colony matures.
Forms other than the typical spherules have been described as occurring in
man and animals, and such unusual forms have occurred in human pathological
material in numbers frequent enough to cause difficulty in diagnosis. On occa-
sion, these forms have been the only type seen.
DeLamater and Weed (9) described budding forms similar to those found in blastomy-
cosis. However, Smith (10) is of the opinion that true budding does not occur and stated
that budding may be simulated by the development of adjacent cells of injected mycelial
fragments or from incomplete cleavage or separation of adjacent endospores of sporaugia.
Baker, et at. (11) have described dumbbell-shaped structures, and spherules joined by
short tubes in material obtained from guinea pigs inoculated intratesticularly with suspen-
sions of chlamydospores and hyphal fragments. They pointed out the simliarity of these
structures to those previously observed by Ciferri and Redaelli (12, 13) who interpreted
them as evidence of conjugation. Baker, at at. thought that the unusual structures observed
in their own experiments probably originated directly from injected cultural material and
not by fusion of spherules.
Forbus and Bestebreurtje (14) in 1946 described a case of chronic primary pulmonary
coccidioidomycosis with a huge apical cavity which was removed by lobectomy, the fibrous
wall of which was lined by necrotizing granulation tissue. No spherules were found in the
tissues or exudate but C. immitis was cultured from the pus in the cavity and unidentified
hyphae and spores were demonstrated in the exudate. These authors were among the first
to point out that C. immitis could exist in the mycelial form in large open cavities.
Barnes, in discussing the paper on pulmonary coccidioidomycosis by Bass et at. (15),
cited one case in which surgery was performed for the removal of a cavity produced b1
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C. immilis because of frequent hemorrhage. In the cavity there was considerable mucous
and pus, and chiamydospores as well as spherules were found in the mucoid material. The
previously considered non-infectious nature of the disease was questioned because of the
presence of these chlamydospores.
Smith et at. (16) cite personal communications concerning three patients with pulmonary
coccidioidal cavities in which filaments of C. immitis were observed in the surgically re-
sected cavities. They granted the theoretical possibility of contagiousness but pointed
out that ordinary hygienic precautions suffice to prevent contagion.
Greer et at. (17) performed surgery on a total of 13 patients for localized pulmonary
coccidioidal lesions. Nine of the patients had persistent cavitation for which lobectomy
was done and four had rounded granulomatous lesions which were removed by wedge resec-
tion of the lung. The mycelial form of C. immitis was observed in sections made from six
of the nine cavities. This was the only form observed in some of these cavities.
Raine, in discussing Greer's paper, stated that he had a similar case in which mycelia
were growing on and in the wall of the cavity. It was his feeling that this form of growth
accounted for the very copious sputum as well as repeated hemoptysis which is not seen
in the granulomas containing the endospore form of the fungus.
Forsee and Perkens (18) studied 50 consecutive cases of localized pulmonary coccidioido-
mycosis treated by primary excisional surgery. Twenty of these patients had solid lesions
and hyphal elements were demonstrated in the caseous material of two of them. The re-
mainder had cavity lesions in fifteen of which hyphal forms were demonstrated.
Puckett (19) has recently reported on the examination of 64 specimens of pulmonary
tissue which contained C. immiti.s. He found that hyphae were observed in 73% of the 34
cavitary lesions and in 30% of the 30 granulomatous lesions. He observed simple branching
septate hyphae to tangled masses of hyphae and forms which appeared to contain spores.
Intermediate yeast-like forms were also seen. These were considered to be endospores
which when liberated from spherules failed to develop further but instead gave rise to
hyphae. When typical spherules were observed in the necrotic portions of the walls of the
cavities or in the cellular debris, hyphae were not observed; while those cavities containing
rare or no typical spherules usually contained hyphae. Collections of fragmented spherules
as well as structures interpreted as endospores but without the accepted pattern of endo-
sporulation were seen in close association with hyphae. The association was most fre-
quently observed in solid lesions.
The occurrence of hyphal elements of C. immitis in pulmonary granulomatous
and cavitary lesions of man warrants additional study. This is particularly true
since these hyphae have been observed solely in pulmonary lesions and a bron-
chial connection with the lesions permitting access of saprophytic fungi is a
strong possibility. Also the coexistence of C. immitis with other pathogenic fungi
has been observed and the association with tuberculosis is well documented.
It is the purpose of this paper to present our data regarding the growth of
C. immitis in the granuloma pouch and pneumoderma of the rat which lends
experimental support to the observation that C. immitis can occur in the vegeta-
tive phase in animal tissue.
MATERIALS AND METHODS
Male and female Long Evans rats of approximately 150—200 gm. were used.
Water and food were allowed ad libitum. Two types of pouches were prepared.
The first type of pouch, referred to as a pneumoderma, was prepared by inject-
ing 25 cc of air into the subcutaneous tissue of the dorsal aspect between the
shoulder blades of the animal. A saline suspension of C. immitis was immediately
injected into the pouch thus created. The second type, referred to as a granuloma
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pouch, was prepared by injecting 1 cc of a 1 % croton oil in Mazola oil® into the
same area. Leaving the needle in situ, 25 cc of air was then injected. The granu-
lomatous wall of the pouch produced by the croton oil was allowed to develop
for 7 to 10 days, at the end of which time a saline suspension of C. immitis was
injected into the pouch.
The same strain of C. immitis was used throughout this study. Saline suspen-
sions of both the spherule and vegetative phase were inoculated into both of
these types of pouches.
Filamentous suspensions of C. immilis were prepared by culturing the organism in 50
cc Erlenmeyer flasks containing 20 cc of Mycophil® broth overlaid with 15 cc of sterile
mineral oil. The cultures were incubated at room temperature for approximately 10 to 14
days. Later the mycelium which formed at the interface of the broth and oil was removed
aseptically and placed in a Ten Brock tissue grinder containing 10 cc of sterile saline to
which had been added 100 units of penicillin and streptomycin per cc. This was ground to a
small-particle size and used as an inoculum into the pouches of the rats.
Suspensions of spherules were prepared by first inoculating a suitable amount of this
material intraperitoneally into mice. Approximately 10 to 14 days later the mice were
sacrificed by etherization. The abdomen was opened and the granulomatous omentum
removed. A suitable amount of this material was placed in a Ten Brock tissue grinder
containing 20 cc of sterile saline to which had been added 100 units of penicillin and strepto-
mycin per cc. The material was then ground to a fine-particle size and immediately used
as the source of inoculum of spherules. These freshly prepared suspensions of spherules
revealed no evidence of hyphae upon microscopic examination. The rats were sacrificed by
etherization, then completely immersed in 70% alcohol for 20 minutes, after which they
were placed on a dissecting board saturated with an antiseptic solution of Phenolor®.
The pouches were opened aseptically and material taken for culture on Sabouraud's media
for immediate wet mount examination and for histological examination. In addition, por-
tions of the spleen, liver, kidney, and lung of each animal were placed on Sabouraud's
media to determine the degree of systemic spread.
Tissue for microscopic examination were prepared in the usual manner and stained with
hematoxylin and eosin and the Hotchkiss-McManus stain for fungi.
Experiment I
Purpose: To evaluate the growth of C. immitis and the host's response in the
pneumoderma of the rat.
Pneumodermas were prepared in 16 Long Evans female rats by injecting 25 cc
of air in the manner described above. One cc of a freshly prepared saline sus-
pension of the animal phase of C. inimitis was injected into each pneumoderma.
Two rats were sacrificed following inoculation on the following days: 2d, 5th,
7th, 9th, 12th, 15th, 19th, and 23d.
One cc of a saline suspension of the vegetative phase of C. immitis was inocu-
lated into pneumodermas prepared in eight female rats. Autopsies were per-
formed on two animals on the following days: 2d, 5th, 8th, and 12th.
Experiment II
Purpose: To evaluate the growth of C. immulis in the granuloma pouch of the
rat.
The granuloma pouch was used in this experiment to determine if a limited
host's response would affect the growth of C. immitis. Selye (20, 21) has shown
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that the histological and physiological response of the host's tissue is quite spe-
cific for the type of initial irritant introduced and that this tissue may have a
decreased ability to respond to other types of irritants subsequently introduced.
It was hoped that under these conditions additional information might be ob-
tained concerning the growth of C. immitis in vivo.
Granuloma pouches were prepared in 16 female rats. The pouches were inocu-
lated 10 days later with 1 cc of a freshly prepared saline suspension of the animal
phase of C. immitis. Autopsies were performed on two rats on the following days
after inoculation: 3d, 6th, 10th, 14th and 19th.
Granuloma pouches were prepared in six additional female rats. The pouches
were inoculated with 1 cc of a saline suspension of the vegetative phase of C. im-
mitis. Four of the animals were sacrificed 7 days later, one on the 15th day and
the remaining one on the 20th day.
Experiment III
Purpose: To further study the in vivo growth of C. immitis in pneumoderma
injected with 9-a-fiuorohydrocortisone.
Pneumodermas were prepared in eight female rats. These were each injected
with 1 mg. of 9-a-fluorohydrocortisone and 1 cc of a freshly prepared saline
suspension of the negative phase of C. immitis. Autopsies were performed on
two animals on the following days: 2d, 5th, 8th, and 12th.
Pneumodermas were prepared in an additional eight female rats. These were
each injected with 1 mg. of 9-a-fluorohydrocortisone and 1 cc of a freshly pre-
pared saline suspension of the animal phase of C. immitis. The animals were
autopsied on the following days: 3d, 6th, 10th, and 14th.
RESULTS
Experiment I
The pneumodermas in rats inoculated with the spherules of C. immitis and
examined over a 23-day period remained approximately the same size until about
the 12th day after which they gradually decreased so that by the 23d day they
were approximately one-half their original size. None of the animals appeared
ill at the time of autopsy.
A variable picture of the pneumodermas was observed grossly at the time of
autopsy. The original inoculum could be identified as amorphous white material
adhering to the sides and base of the interior of the pneumoderma on the second
day. After the 5th day there was an increased amount of material in the pneumo-
derma. This material was amorphous, cheesy-like, and yellow-white in color.
It was loosely adherent in irregular areas but most frequently observed in that
portion of the pouch adjacent to the musculature of the back. This cheesy mate-
rial increased to such an extent that it filled the entire pouch of one of the animals
examined by autopsy on the 23d day. Straw colored fluid was observed in the
pneumodermas on the 5th day. This gradually increased in amount so that by the
12th day in some animals it constituted about 50 % of the pouch contents. The
fluid was blood-tinged in some instances.
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The pouch wall was thin and collapsed on sectioning up until the 7th day, at
which time the wall began to thicken at the base and sides. By the 23d day the
wall was well formed, thick and fibrous. The wall varied in thickness being great-
est at the base where it measured approximately 2 mm and was always thinnest
at the top.
The injected air remained in situ and was under slight to moderate pressure.
It gradually decreased; however some was still present in the pouch at 23 days.
Cultures of material taken from the pneumodermas of all the rats revealed
the presence of C. immitis. No other fungi were cultured. Cultures of material
taken from the kidney, spleen, liver and lung failed to reveal C. immitis until the
5th day. C. immitis was cultured from those organs of the animals examined by
autopsy on that day and from the same organs of all animals subsequently ex-
amined. Small, white, 1- to 2-mm nodules were seen grossly on the surface of
these organs after the 9th day.
A changing histological pattern was seen in the hematoxylin and eosin sec-
tions. At two days a considerable number of polymorphonuclear cells were pres-
ent on the inner surface of the pouch along with areas of amorphous cellular
debris. Collections of polymorphonuclear cells were seen around the organisms.
At 5 days a loose syncitium of succulent fibroblasts constituted the wall of the
pouch through which was scattered an infiltrate of polymorphonuclear and lym-
phocytic cells. Medial to this area were large aggregates of polymorphonuclear
and lymphocytic cells. Medial to this area were large aggregates of polymorpho-
nuclear cells surrounding the organisms as well as large areas of acellular debris.
Mature spherules were readily observed in the hematoxylin and eosin sections.
The majority of the organisms were located in the inner third of the pouch wall
and constituted centers around which were collected numerous polymorpho-
nuclear cells. These aggregates of polymorphonuclear cells and organisms were
located in amorphous eosinophilie debris. Some of the organisms with accom-
panying polymorphonuclear cells extended into the histiocytic syncitium com-
posing the middle one third of the wall.
The organisms were readily identified with the use of Hotchkiss-McManus
stain. They were observed in all the material taken from the pouches for histo-
logical study.
The majority of organisms was located in the inner one-third of the wall of
the pneumoderma and occasionally a few were observed in the middle one-third.
Many hyphal elements were noted as early as the third day. They were located
primarily in the innermost aspect of the pouch wall. Hyphae were seen up to
and including the 12th day. In general the hyphae tended to form mats (Fig. 1)
which stained well. The individual cells of the hyphae tended to "balloon out"
and form spherules. In general such mats tended to be more centrally placed and
frequently were in close proximity to normally developing spherules. Spherules
were seen in all sections examined. All stages of development were observed and
they were present in tremendous numbers in those sections taken from animals
autopsied on the 12th day and thereafter.
The pneumodermas in rats inoculated with hyphae of C. immitis and examined
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over a 23-day period remained approximately the same size. At the time of au-
topsy their gross appearance followed essentially the same pattern as that de-
scribed above.
C. immitis was cultured from all the pneumodermas throughout the experi-
ment and also on and after the fifth day from the livers, kidneys, spleens, and
lungs.
Microscopic examination of material taken from the pneumodermas revealed
the presence of hyphae up to arid including the eighth day. The development of
spherules was seen as early as the second day and they were abundant by the
fifth day. On the 12th day this was the only form of the organism seen. As early
as the second day and also on the fifth and eighth days unusual forms of the
organism were observed. They resembled spherules with germination tubes,
yeast-like forms with budding, and spherules joined by tubes suggesting con-
jugation. (Fig. 2—6.)
Experiment II
Ten of the 16 rats in this experiment remained suitable for the study. Necrosis
occurred at the top of the pouch between the 6th and 10th day in six of the rats.
This area rapidly sloughed out rendering the pouch unsuitable for cultural and
histologic study.
The pouches in the ten remaining rats were large and firm, however some
showed small areas of necrosis on the surface after the 10th day but perforation
did not occur. At the time of autopsy none of the animals appeared ill.
The pouches in those animals autopsied at three days contained clear, blood-
tinged fluid under pressure. The wall of the pouch was well formed and was ap-
proximately 2 mm in diameter. Whitish, gelatinous material was present on the
floor of the pouch, and a small amount of cheesy material was seen lining the
inner aspect of the wall. Pouches examined at subsequent intervals presented
essentially the same gross picture except that the amorphous cheesy material
lining the inner surface of the wall increased in amount. Gross examination of
the internal organs of animals autopsied on the tenth day and thereafter re-
vealed yellow-white, 1- to 2-mm nodules on the surface and in the parenchyma
of the livers, spleens, lungs, and kidneys. The lungs appeared the most heavily
involved.
Cultures of material taken from the granuloma pouches of all the rats revealed
the presence of C. immitis. No other fungi were cultured. Cultures of material
taken from the spleens, livers, and lungs revealed C. immitis on all the days in
which the animals were autopsied. C. immitis was not cultured from the kidneys
of those animals autopsied on the 3d and 6th days but was cultured from all sub-
sequent autopsied animals.
The sections stained with hematoxylin and eosin revealed a well-developed
pouch wall consisting roughly of three zones; viz., an inner zone of polymorpho-
nuclear cells mixed with eosinophilic staining amorphous necrotic debris; a mid-
dle zone of histiocytes, scattered polymorphonuclear cells, vacuolated spaces
containing the Mazola oil and croton oil; and an outer zone composed of mature
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fibroblasts and capillaries. This basic pattern remained throughout the 19-day
period of the experiment. Spherules could be observed in all stages of develop-
ment in all the sections studied. They were located in the inner and middle zones
(Fig. 7), and in those sections taken at 14 and 19 days formed almost a solid
layer. A great number of spherules were seen to be crenated at three and six
days, however, even in these sections young maturing spherules were present in
abundance.
Hyphae, in addition, were seen in sections stained with Hotchkiss-McManus.
These were seen in material prepared from animals examined by autopsy on the
3d through the 19th day. They were in aggregates and at times were diffusely
scattered (Fig. 8, 9). They were located in the same areas as were spherules and
frequently were completely surrounded with developing spherules (Fig. 10—11).
In some of these aggregates the individual cells appeared to be undergoing trans-
formation to spherules.
Experiment III
The pneumodermas injected with hyphae of C. immitis and 9-a-fluorohydro-
cortisone remained approximately the same size; however the walls were in gen-
eral somewhat thinner and the contents were under less pressure than were those
in Experiment I. Air and serosanguinous fluid were present, the latter being less
in amount and accumulating later than in pneumodermas inoculated with C. im-
mitis alone. C. immitis was cultured from all the pneumodermas and no other
fungi were identified. C. immitis was recovered from the spleens, livers, and lungs
on the fifth day and thereafter. It was not cultured from the kidneys until the
12th day of the experiment. The organisms were found to be located predomi-
nately in the inner one-third of the wall upon microscopic examination of sec-
tions taken from the pneumodermas and stained with Hotchkiss-McManus. In-
creasing numbers of spherules were seen in those animals examined on the 2d,
5th and 8th days. Bizarre and unusual forms were observed which simulated
budding yeast cells, spherules in conjugation, and spherules with germ tubes
(Fig. 12—15). By the 12th day, hyphae were not observed but many spherules
were seen in all stages of development.
The pneumodermas injected with 9-a-fluorohydrocortisone and spherules of
C. immitis presented essentially the same gross appearance at the time of autopsy
as did those injected with hyphae of C. immitis and 9-a-fluorohydrocortisone.
C. immitis was cultured from all the pneumodermas and no other organism
was recovered. The spleens, livers, and lungs were positive from the third day on.
C. immitis was grown from the kidneys from the sixth day on. Many spherules
in various stages of development were seen in all sections prepared from the ani-
mals. Hyphae were observed primarily on the inner surface of the pouch wall in
those animals autopsied on the 6th and 10th days. No hyphae were seen in sec-
tions prepared from animals autopsied on the 3d and 14th days.
DISCUSSION
Recently hyphae attributed to C. immitis have been described in pulmonary
granulomas and cavities in coccidioidomycosis. The possibility exists that these
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hyphae were those of other fungi in view of the fact that many of these cavities
possibly were in continuity with a bronchus. The present study lends laboratory
support to the observation that C. immitis can grow in the vegetative form in
animal tissue.
Hyphal elements were observed in both the granuloma pouch arid pneumo-
derma when spherules had been initially inoculated into them. They were seen
as early as the second day post-inoculation in the pneumodermas and were
present up to and including the 12th day. Thereafter, however, they were not
observed. Hyphae were first seen in the granuloma pouches on the third day and
were present up to and including the 19th day. The existence of hyphae in the
granuloma pouches over a longer period of time than in the pneumodermas is pos-
sibly of some significance in that it may reflect impaired host's resistance at a
local cellular level.
The identity of these hyphae is unquestionable. The source of inoculum for
the pouches was freshly ground granulomatous mouse omentum containing
spherules. These mice were initially infected with a saline suspension of a pure
culture of C. immitis. The suspension of infected mouse omentum was prepared
and inoculated into the pouches within one hour. Sections taken from the ma-
terial used for preparation of the inoculum and stained with the Hotchkiss-
McManus stain contained spherules in all stages of development. No hyphae
were observed. C. immitis was the only organism grown from the inoculating
material. Histologic examination of material from the granuloma pouches and
pneumodermas revealed in some instances the direct growth of hyphae from
spherules. Terminal and intercalary spherule formation was observed in some
of the hyphae. Finally, C. immitis was the only fungus cultured from the granu-
loma pouches and pneumodermas. It is our opinion based on the preceding ob-
servations that C. immitis in the animal under certain conditions can revert to
the filamentous form.
The conditions under which C. immitis occurs in the filamentous form in man
and animals are open to considerable speculation. In man this phenomenon has
to our knowledge occurred exclusively in the lungs. Hyphae have been observed
primarily in cavities but also to a lesser extent in granulomatous lesions. Most
observers have emphasized the predominance of either one form or the other in
the walls of the cavities.
The pneumodermas and granuloma pouches both simulate human pulmonary
cavities in that they contain varying amounts of air and fluid enclosed by a
granulomatous wall. Under both conditions it might be postulated that the
hyphal phase occurs in the devitalized portion of the walls of human pulmonary
cavities and those of the pneumoderma and granuloma pouch in the rat. The
fact that hyphae were observed in close proximity to normally developing spher-
ules and in some instances were located deeper in the walls of the pneumodermas
and granuloma pouches indicated that such a simple explanation is not adequate.
Additional support that such a concept is not adequate is obtained in that hyphae
were seen in the pneumodermas only from the 2d to the 12th days during the
23-day period of observation in the pneumodermas; whereas one would antici-
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pate that hyphae would continue to develop in large numbers as debris accu-
mulated.
In this study little difference was observed in the growth of C. immitis in the
pneumodermas, granuloma pouches, and pneumodermas injected with 9-a-fiuoro-
hydrocortisone. This was true when either spherules or hyphae were the source
of the inoculum. Dissemination of C. immitis to internal organs occurred at ap-
proximately the same rate although the walls of the pouches varied considerably
in the three different types of pouches.
Several possibilities exist for the development of such forms which may simu-
late budding. Some of these mechanisms have been previously described. Two
cells of filaments or two spherules may develop in close apposition. Young
spherules, before a heavy wall has developed, may by mechanical or chemical
action of fixatives become constricted in the center so that they appear to be
budding. And finally individual cells of hyphae have been observed to enlarge at
each end to produce the appearance of budding. In other instances the center
of an individual cell of a hyphal element enlarges and the adjacent areas simulate
small buds. The presence of such cells in our material as late as 21 days lends
support to those who have observed such forms. However we are in accord with
those who hold that C. immitis does not bud. We are in agreement with Baker
et al., who state that such forms which simulate conjugation do not represent
fusion of spherules.
SUMMARY
1. In this study it was demonstrated that the mycelial phase of C. immiti8
can grow in rico.
2. The pathophysiology is not completely understood in regard to the condi-
tions under which the mycelial phase of C. immitis develops in vivo.
3. Alteration of the local tissue defense mechanism by the use of croton oil
and 9-a-fluorohydrocortisone had little effect on this phenomenon.
4. Unusual and bizarre forms as well as forms simulating true budding and
conjugation were commonly observed. Such forms were observed when either
hyphae or spherules were used as the source of inoculum. However we do not
feel that our data is sufficient to prove the occurrence of budding.
5. The concept that C. immitis occurs only iii the spherule phase in vivo must
be modified to include the mycelial phase.
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